Nitrosyl- versus nitroxyl-cobalamin? by Polaczek, Justyna et al.
Vol.:(0123456789) 
JBIC Journal of Biological Inorganic Chemistry (2019) 24:311–313 
https://doi.org/10.1007/s00775-019-01658-1
COMMENTARY
Nitrosyl‑ versus nitroxyl‑cobalamin?
Justyna Polaczek1 · Łukasz Orzeł1 · Grażyna Stochel1 · Rudi van Eldik1,2,3
Received: 23 January 2019 / Accepted: 29 March 2019 / Published online: 12 April 2019 
© The Author(s) 2019
Abstract
The Commentary is in answer to the comment of a reader that objected against the use of the term ‘nitroxylcobalamin’ in two 
recent reports in JBC from our group. We use this opportunity to explain to the reader where this terminology originated from.
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We received the following comment from a reader of JBIC 
concerning an apparent error made in two recent papers pub-
lished by our group in JBIC [1, 2]:
‘The authors use the term nitroxyl to describe the coor-
dination of NO to the cobalt of cobalamin. This term is 
not correct nomenclature. Nitroxyl or the IUPAC name 
azanone refers to the chemical compound HNO. The 
proper nomenclature of NO coordinated to cobalt is 
nitrosyl. JBIC should require its authors to use correct 
nomenclature when naming compounds. This needs to 
be addressed and corrected. This is a poor reflection 
on the journal as this should have been caught prior to 
publication.’
The Editor of JBIC consulted Nicolai Lehnert and George 
Richter-Addo about this statement, and here is what they 
said:
A criticism has been raised concerning the use of the 
term "nitroxyl" for the compound CblNO, which con-
tains a coordinated NO to Cbl(II). While some authors 
have used the term "nitroxyl" for both HNO (IUPAC 
"azanone") and the  NO− anion, the CblNO compound 
is generally referred to in the literature as "nitrosyl-
cobalamin". Consequently, for the CblNO compound, 
we strongly suggest to not refer to this compound as 
"nitroxyl-cobalamin", at least not without a proper 
explanation/justification. Otherwise, we feel that this 
causes unnecessary confusion for the reader. While an 
erratum is not explicitly required, we encourage you 
to provide one that uses the more appropriate term 
"nitrosyl", and this could be expanded to include the 
contribution of nitroxyl electronic character; e.g., "the 
nitrosyl CblNO which has substantial nitroxyl char-
acter”.
The Editor also consulted Peter C Ford after submission 
of our Commentary and here is what he said:
I have no objection to publication of the comments 
by van Eldik and colleagues. They make sense and 
explain their point of view, although I’m uncertain that 
they add more clarity to the controversy. The problem 
is that (as Enemark and Feltham recognized long ago) 
the bonding between NO and metal centers is highly 
delocalized, so that the assignment of formal oxida-
tion states can be fraught with ambiguity. I personally 
agree with the view presented by Lehnert and Rich-
ter-Addo that metal–NO complexes can be given the 
generic term "metal nitrosyls" with no specific impli-
cation of oxidation states. For the specific case under 
discussion, the protonated form Cbl(HNO) would be 
the "nitroxyl" complex. I can appreciate the idea that 
reversible protonation of the  CblCoII(NO) complex 
and the acute Co–N–O angle implies that the coordi-
nated NO is reduced, and don’t have a strong objection 
to the nomenclature used. However, the reversibility of 
the  CblCoII + NO reaction might be used to argue the 
 * Rudi van Eldik 
 rudi.vaneldik@fau.de
1 Faculty of Chemistry, Jagiellonian University, Gronostajowa 
2, 30-387 Kraków, Poland
2 Faculty of Chemistry, N. Copernicus University, Gagarina 7, 
87-100 Toruń, Poland
3 Department of Chemistry and Pharmacy, University 
of Erlangen-Nuremberg, Egerlandstrasse 1, 91058 Erlangen, 
Germany
312 JBIC Journal of Biological Inorganic Chemistry (2019) 24:311–313
1 3
other way. As chemists, we appreciate such ambiguity. 
I will offer another example that illustrates this issue 
of ambiguity. A few years ago, Elias Tfouni and I (and 
coworkers) [3] described the acid–base behaviors of 
the complexes Ru(salen)(NO)(OH2)+ (pKa 4.5) and 
Ru(salen)(OH2)2+ (pKa 5.9). As with other ruthenium 
nitrosyls, the former is typically referred to as  NO+ 
coordinated to Ru(II), yet the  H2O coordinated to that 
center is more acidic than in the latter case where the 
oxidation state is less equivocally Ru(III).
In answer to these comments, we would like to point out 
where our experimental evidence for nitroxyl-cobalamin 
originated from. In our first paper dealing with the reaction 
of aqua-cobalamin  (CblOH2) with ·NO [4], we found that the 
reaction observed by other groups before was solely due to 
nitrite impurities in solution and no evidence for a reaction 
between  CblOH2 and ·NO could be found. In a subsequent 
paper [5], we reported that reduced cobalamin, CblCo(II), 
rapidly and reversibly coordinated ·NO to form CblNO. 
We reported 15N-NMR evidence for the formation of a 
 CoIII–NO− species, which was subsequently isolated [6, 7] 
and the crystal structure showed that  NO− is coordinated to 
Cbl(III) with a bond angle of 117°–121°, i.e. iso-electronic 
with dioxygen. At this point we referred to the CblNO com-
plex as nitroxyl-cobalamin in order to distinguish between 
 CoII–·NO (nitrosyl complex) and  CoIII–NO− (nitroxyl com-
plex). Ever since, we always referred to the CblNO complex 
as the nitroxyl complex. Recently, the pKa of Cbl(HNO) was 
found to be 7.75 ± 0.03 [8], which is close to the value of 
7.7 reported for  [FeII(CN)5HNO]3− [9] and a reasonable 
ca. 4 units lower than the pKa(HNO) of 11.4 [10]. Thus, 
Cbl(HNO) can deprotonate under biological pH condi-
tions to form Cbl(NO−), such that both complexes can be 
described as nitrosyl-cobalamin that has substantial nitroxyl 
character.
The confusion with reactions between metal ions/com-
plexes and nitric oxide (·NO) originates from the fact that 
·NO is a non-innocent, redox-active ligand and can formally 
coordinate as ·NO (nitric oxide),  NO−(nitroxyl anion) or 
 NO+ (nitrosonium cation) via redox reactions with the metal 
center. For a detailed treatment of  NOx chemistry, see ref-
erences [11–16]. In this respect, we studied many Fe(III) 
porphyrin systems in which NO coordinates as  FeII–NO+, 
i.e. iso-electronic with CO and  CN−, and binds linearly to 
the metal center [17–19]. The same was reported for the 
coordination of ·NO to cytochrome  P450cam in the absence 
(resting state) and presence of camphor as substrate, during 
which  FeII–NO+ is formed in both cases [20, 21]. These 
complexes were referred to as nitrosyl complexes and not 
as nitrosonium complexes. Also in the case of non-heme 
systems with  FeIII–NO− character [22, 23], we referred to 
them as nitrosyl complexes due to our uncertainty in terms 
of the nitroxyl character in the absence of the structural data 
for the nitroxyl-cobalamin complex published a few years 
later [6, 7].
Personally, as experimental coordination chemists, our 
goal was always to understand the coordination chemistry 
in terms of the formal oxidation state of the metal center. A 
part of the problem may further come from the use of the 
Enemark and Feltham notation {M–NO}n, where n equals 
the number of d electrons on the metal center plus one for 
the unpaired electron on ·NO [24]. In this notation no dif-
ferentiation is made in terms of the oxidation state of the 
metal center and the electronic nature of coordinated ·NO.
More recently, the application of DFT and other compu-
tational techniques have been used to study the electronic 
character of metal–NO bonds in more detail [25–29]. From 
such studies partial or full charge transfer between the 
metal center and the ·NO ligand can occur in both direc-
tions to introduce partial  NO+ or  NO− character depend-
ing on the electronic charge distribution in the metal–NO 
bond [20, 21]. Therefore, many M–NO bonds are pres-
ently described in terms of resonance structures such as 
 FeIII–3NO− ↔ FeII–·NO, etc.
Finally, we understand the criticism of the reader and 
trust that the reader will now have a better understand-
ing for our preference to refer to coordinated HNO and 
 NO− in the case of cobalamin as nitroxyl based on work 
done almost 20 years ago before computational studies 
were developed as far as they are today.
Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.
References
 1. Polaczek J, Orzel L, Stochel G, van Eldik R (2015) J Biol Inorg 
Chem 20:1069–1078
 2. Polaczek J, Orzel L, Stochel G, van Eldik R (2018) J Biol Inorg 
Chem 23:377–383
 3. Bordini J, Novaes DO, Borissevitch IE, Owens BT, Ford PC, 
Tfouni E (2008) Inorg Chim Acta 361:2252–2258
 4. Wolak M, Stochel G, Hamza M, van Eldik R (2000) Inorg Chem 
39:2018–2019
 5. Wolak M, Zahl A, Schneppensieper T, Stochel G, van Eldik R 
(2001) J Am Chem Soc 123:9780–9791
 6. Hannibal L, Smith CA, Jacobsen DW, Brasch NE (2007) Angew 
Chem Int Ed 46:5140–5143
 7. Hassanin HA, Hannibal L, Jacobsen DW, Brown KL, Marques 
HM, Brasch NE (2009) DaltonTrans. https ://doi.org/10.1039/
B8108 95A
 8. Polaczek J, Orzel L, Stochel G, van Eldik R, unpublished results
313JBIC Journal of Biological Inorganic Chemistry (2019) 24:311–313 
1 3
 9. Montenegro AC, Amorebieta VT, Slep LD, Martin DF, Ron-
caroli F, Murgida DH, Bari SE, Olabe JA (2009) Angew Chem 
Int Ed 48:4213–4216
 10. Shafirovich V, Lymar SV (2002) Proc Natl Acad Sci USA 
99:7340–7345
 11. Bari SE, Olabe JA, Slep LD (2015) In: van Eldik R, Olabe JA 
(eds)  NOx related chemistry. Advances in inorganic chemistry, 
vol 67. Academic Press, pp 87–144
 12. Franke A, Oszajca M, Brindell M, Stochel G, van Eldik R 
(2015) In: van Eldik R, Olabe JA (eds)  NOx related chemistry. 
Advances in inorganic chemistry, vol 67. Academic Press, pp 
171–241
 13. Harrop TC (2015) In: van Eldik R, Olabe JA (eds)  NOx related 
chemistry. Advances in inorganic chemistry, vol 67. Academic 
Press, pp 243–263
 14. Kaim W (2015) In: van Eldik R, Olabe JA (eds)  NOx related 
chemistry. Advances in inorganic chemistry, vol 67. Academic 
Press, pp 295–2313
 15. Doctorovich F, Farmer PJ, Marti MA (eds) (2017) The chemis-
try and biology of nitroxyl (HNO). Elsevier, Amsterdam
 16. Franke A, van Eldik R (2013) Eur J Inorg Chem 2013:460–480
 17. Jee J-E, Eigler S, Hampel F, Jux N, Wolak M, Zahl A, Stochel 
G, van Eldik R (2005) Inorg Chem 44:7717–7731
 18. Jee J-E, Wolak M, Balbinot D, Jux N, Zahl A, van Eldik R 
(2006) Inorg Chem 45:1326–1337
 19. Jee J-E, Eigler S, Jux N, Zahl A, van Eldik R (2007) Inorg Chem 
46:3336–3352
 20. Franke A, Stochel G, Jung C, van Eldik R (2004) J Am Chem Soc 
126:4181–4191
 21. Franke A, Hessenauer-Ilicheva N, Meyer D, Stochel G, Woggon 
W-D, van Eldik R (2006) J Am Chem Soc 128:13611–13624
 22. Wanat A, Schneppensieper T, Stochel G, van Eldik R, Bill E, 
Wieghardt K (2002) Inorg Chem 41:4–10
 23. Schneppensieper T, Finkler S, Czap A, van Eldik R, Heus M, 
Nieuwenhuizen P, Wreesmann C, Abma W (2001) Eur J Inorg 
Chem 2001:491–501
 24. Enemark JH, Feltham RD (1974) Coord Chem Rev 13:339–406
 25. Kupper C, Rees JA, Dechert S, DeBeer S, Meyer F (2016) J Am 
Chem Soc 138:7888–7898
 26. Chalkley MJ, Peters JC (2016) Angew Chem Int Ed 
55:11995–11998
 27. Wolf M, Klüfers P (2017) Eur J Inorg Chem 2303–2312
 28. Aas BM, Klüfers P (2017) Eur J Inorg Chem 2313–2320
 29. Yan JJ, Gonzales MA, Mascharak PK, Hedman B, Hodgson KO, 
Solomon EI (2017) J Am Chem Soc 139:1215–1225
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
